Background: The Millennium Development Goals recognise child health and survival as an important socio-development issue. Objective: To determine the correlates of diarrhoea among children aged below 5 years in north Sudan. Methods: We conducted secondary data analysis of the Sudan Multiple Cluster Indicators Survey II. Results: Altogether, 23,295 children were included in the survey. Half (50.0%) of the children were males, and 22.5% of them were of age less than one year. Boys were 3% (p=0.044) more likely to have diarrhoea compared to girls. Compared with the oldest age group (48-59 months), children less than 6 months of age and those aged 36-47 months had 25% and 18% lower prevalence of diarrhoea, respectively, while children aged 6-24 months and those aged 24-35 months had 1.5 fold and 1.17 fold higher prevalence of diarrhoea. Children in urban areas were 6% more likely to have diarrhoea. Children from households with 1 or 2 people per room were 8% less likely to have diarrhoea compared to children from households with more than 3 people per room. Conclusion: Diarrhoea was associated with child's age, gender, and social status. Our findings provide a useful baseline for interventions and comparisons with future studies.
Introduction
Reducing child mortality is one of the Millennium Development Goals (MDGs). Diarrhoea continues to be a leading cause of child morbidity and mortality in the developing world 1, 2 . Sudan has one of highest prevalence rates of diarrhoea and Global Acute Malnutrition. In one study by Karrar and Omer 3 , the incidence of diarrhea in a village near Khartoum was 217 episodes per 100 children per year, and was one of the three commonest causes of morbidity. In a 2000 Multiple Indicator Cluster Survey report, 28% of children below the age of 5 years in north Sudan had diarrhoea in the two weeks prior to the survey, varying from 40% in Blue Nile to 19% in South Kordofan 4 .
Risk factors for diarrhoea among children include age 5 , sex 6, 7 , geographic location 8 , drinking from unprotected water supply 9 , and household economic status 10 . While poor sanitation, limited access to potable water, inappropriate breastfeeding practices contribute to the burden of disease, there continues to be the need to further document the socio-demographic correlates of diarrhoea in order to inform policy and programmatic interventions that have potential to stem the prevalence of the condition.
Although many studies (including cohort and case control studies) have been conducted in developed and developing countries, most of these studies were based on small hospital or community based studies. Further, prevalence and correlates for diarrhoea may vary with season, geographical area, and between countries. We are not aware of any study on the correlates of diarrhoea that was conducted in Sudan on a larger scale. Hence, the aim of this study was to assess the factors associated with diarrhea using a large sample size from a community-based survey. The hypothesis was to assess if factors known to be associated with childhood diarrhoea in other settings were also associated with diarrhoea in north Sudan. Further, we wanted to assess what was the strength of association if we found that the selected independent variables were indeed associated with childhood diarrhoea.
Methods
This study is based on secondary analysis of the Sudan Multiple Cluster Indicators Survey II (MICS II) conducted in 2000. The survey's design allowed calculation of estimates for a wide range of socioeconomic indicators at the national level, state, urbanrural setting as well as between north and south Sudan. Sixteen states in the north and the three main towns in the south (Juba, Malakal and Wau comprising one state) were included in the survey.
A total of 26,810 households (25200 from north Sudan, and 1620 from south Sudan) were selected for the survey. Altogether, 25183 households were interviewed, giving a response rate of 99.9%. In the households that were selected, 23540 children aged 5 years or younger were enlisted. Out of the 23540 enlisted children, 23296 children's questionnaires were completed, giving a response rate of 99%. The current study however was based on north Sudan and comprise the following states: Northern, Red Sea, Kassala, Gadaref, Gazira, Sinnar, White Nile, Khartoum, Northern Kordofan, Southern Kordofan, Western Kordofan, Northern Darfur, Western Darfur, Southern Darfur, Nile River, and Blue Nile.
From 2011, south Sudan has since obtained independence from (north Sudan). At the time of the MICS II, this was one country. We analysed data from the north Sudan because the survey in this part of the country was conducted separately. Further as the socio-demographics and political situations between the north and south differed significantly even when this was one country, we made the decision therefore to separate the north and analyse its data separately. Furthermore, the data set from south Sudan did not have a weighting variable, while data from north Sudan had a weighting variable, and the two data sets could not be merged. We opted for weighted analysis to obtain reliable estimates.
The sample design was a two-stage stratified cluster sample. States and the three southern towns were considered as strata, and were further stratified into urban and rural areas. In rural areas, the village councils and quarter councils in urban areas were considered as the primary sampling units (PSUs) in the first stage of sampling. These PSUs were selected using probability proportional to size. In the second step of sampling, 35 households were systematically selected in each selected PSU.
Questionnaires administration
The Sudan MICS II questionnaire was adapted from the generic MICS Model Questionnaire. The household component was designed to collect information on household members (including sex, age, and literacy), residence (rural or urban), assets, number of co-residents, number of rooms in the house, water and sanitation. The children's questionnaire included questions on breastfeeding, immunization, and care of illness. The questionnaire was translated into Arabic. Data were collected by trained research assistants in July 2000. Further details of the design and conduct of the MICS survey are described elsewhere (Federal Ministry of Health et al. http://www.childinfo.org/files/sudan.pdf) 11, 12 .
Definitions Diarrhoea was determined as perceived by mother or caretaker, or as three or more loose or watery stools per day, or blood in stool. The question "Has (name) had diarrhoea in the last two weeks, that is, since (day of the week) of the week before last?" was posed to a mother or caretaker.
Crowding index was defined as the total number of co-residents per household, excluding the newborn infant, divided by the total number of rooms, excluding the kitchen and bathrooms. A wealth index for a household was computed using assets reported in the asset module of the questionnaire to reflect the living condition. Assets included housing conditions (floor material, number of rooms, fuel type and electricity), possession of durable goods (radio, television set, wall clock, refrigerator, bicycle, motorcycle, motorcar, and foam mattress), possession of land and animals (cultivated land, cattle, and goat/sheep), and access to necessities (meat, milk, and sugar). Each asset was assigned a weighting value using principal component analysis.
A household was assigned a standardized score for each owned asset. For each household, these scores were summed and a household was ranked into five wealth quintiles i.e. the lowest quintile being the poorest and the highest quintile being the richest. A child was considered to have complete vaccination status if he or she received all the following vaccinations before the age of one year: BCG and OPV0 at birth, OPV1, DPT1 and Hepatitis B at 6 weeks, OPV2, DPT2 and Hepatitis B at 10 weeks, OPV3, DPT3 and Hepatitis B at 14 weeks; and Measles at 9 months 13. Because about 42% of births in Sudan are not registered 4 information from both the immunization card and maternal report were considered in determining whether a child was immunized or not. Caretakers were probed to report vaccinations that did not appear on the card or when a child did not have a card.
Data on hygiene and sanitary were obtained using the following questions: What is the main source of drinking water for members of your household? The possible responses were: piped into dwelling, piped into yard or plot, public tap, tube well/ borehole with pump, protected dug well, protected spring, rainwater collection, bottled water, unprotected dug well, unprotected spring, pond, river or stream, tanker-truck, vendor, other (specify), or no answer or don't know. During the analysis, these responses were grouped into piped, protected well and unprotected well/river. What kind of toilet facility does your household use? The possible responses were: pour flush latrine (water seal type), improved pit latrine (e.g. VIP), traditional pit latrine, open pit, bucket, other (specify), or no facility or bush or field. These responses were further classified into flush toilet, traditional pit latrine, and no facility. What happens with the stools of young children (0-3 years) when they do not use the latrine or toilet facility? The possible responses were: children always use toilet or latrine, thrown into toilet or latrine, thrown outside the yard, buried in the yard, not disposed of or left on the ground, other (specify), or no young children in household. The following categories were used during the analysis: thrown into toilet or latrine, thrown outside the yard, buried in the yard, and left on the ground.
Data analysis
Weighted prevalence of the main outcome (reported childhood diarrhoea in the past 2 weeks) and sociodemographic characteristics were calculated. Logistic regression analysis was used to assess associations between reported diarrhoea in an under-five child (outcome variable) and independent variables which included: the child's age, sex, residence status (rural or urban), crowding in the household, maternal education, wealth index and availability of sanitation facilities. The independent variables were identified from the literature as associated with diarrhoea: age, sex, residence status, crowding index, maternal education, wealth index and the availability of sanitation facilities. We used a backward variable selection method to enter explanatory variables into the model. The cut-off point for statistical significance was set at the 5% level. A variable was removed from the model when the level of significance was greater than 5%. The final model was, thus, adjusted for all the factors in the model.
Results
Data for analysis was available from 23,295 children of age less than 5 years. Overall, 58.8% of the mothers had no formal education. About half (50.9%) of the respondents lived in rural areas. About 1 in 5 of the participants belonged to the poorest wealth index (quintile). Slightly over a third of the households had no toilet facility (38.0%). About 3 in 4 of the children had incomplete vaccination status (72.4%), and 27.8% of the children were reported to have had diarrhoea the previous two weeks to the survey. The rest of the sociodemographic distributions are shown in table 1.
Correlates for diarrhoea
The following factors were significantly associated with diarrhoea in bivariate analyses (table 2): Sex and age of child, area of residence, crowding and wealth index, main source of water, toilet facility, and vaccination status. However, in multivariate analysis, only sex and age of child, area of residence, and crowding and wealth index remained significantly associated with the outcome (table 2) .
In multivariate analysis, male children were 3% (p=0.044) more likely to have diarrhoea compared to female children. Compared with the oldest age group (48-59 months), children less than 6 months of age and those aged 36-47 months had 25% and 18% lower prevalence of diarrhoea, respectively, while children aged 6-24 months and those aged 24-35 months had 1.5 fold and 1.17 fold higher prevalence of diarrhoea. Respondents residing in urban areas were 6% less likely to have children with diarrhoea. Children from households with 1 or 2 people per room were 8% less likely to have diarrhoea compared to children from households with more than 3 people per room. While participants in the fourth wealth index were 8% more likely to have diarrhoea compared to participants in the richest wealth index, the prevalence of diarrhoea in the poorest, second and middle wealth indices was not significantly different from the prevalence in the richest wealth index. 
Discussion
In a study of under-five children in north Sudan, we found that being a boy was positively associated with diarrhoea even though a 3% increase in odds of having diarrhoea among males compared to females may not be of public health importance. This finding, which contradicts that of el Samani et al 14 who found that the risk of diarrhoea was higher for females than males in a rural Sudanese community, is consistent with previous reports from Guinea Bisau 9 and Republic of Congo
5
. That boys would be affected more compared to girls deserves further exploration and attention in terms of interventions. We are not sure, if as early as under the age of five years, boys are likely to wander off in unsanitary surroundings compared to girls. Boys may also be more vulnerable to diseases than females. A study of paediatric hospital admissions in Hong Kong, Hon and Nelson 15 reported that males had a consistent excess in admissions of females. Siziya et al 12 reported that, among children under five years of age in Iraq, males were more likely to have acute respiratory infection than females. In a study of the male predominance in the incidence of infectious diseases in children, Green (1992) found that the theory of immunodeficiency prevalence among males was not supported by an excess of 2-3% in overt symptoms 16 . Findings from our study indicate that participants 6-35 months of age were more likely to have diarrhea than those who were younger or older. This is similar to previous reports from other settings in sub-Saharan Africa 5, 9, 14, 16 . Protection against diarrhoea in the youngest age group may be conferred by several mechanisms such as maternal antibodies against enteric pathogens and current breastfeeding. It is possible that after the age of 6 month, with the introduction of supplementary foods and changing nutritional habits, this protection is lost. The lower prevalence of diarrhoea in the oldest age group may be due to acquired natural immunity.
In this study, overcrowding and living in a rural area were associated with a history of diarrhoea in the past two weeks preceding the survey. ElGilany and Hammad 17 have reported similar findings from Dakahlia, Egypt. This may due to the fact that rural residents tend to be poorer than urban residents, which impact the level of hygiene, especially in areas where there is a cyclic drought that may be affecting more the vulnerable rural population.
Findings on the association between wealth and diarrhoea have not been consistent. We obtained inconsistent results in the current study with regards to the association between wealth index and diarrhoea because the odds of having diarrhoea were not different between participants in the poorest, second and middle wealth indices on one hand and those in the richest wealth index, while participants in the fourth wealth index were more likely to have diarrhoea compared to those in the richest wealth index. We did not find the same result in the Iraq study 18 in which we found no association between wealth and diarrhoea. Further, Osumane 19 , Huttly et al 20 and El Samani et al 21 did not find a significant association between diarrhoea and wealth. Contrary to the above findings, Boadi and Kuitunen 22 reported that children from poor homes had higher diarrheal incidence than their medium wealth and high wealth counterparts. Roots 23 suggested that wealthy parents may be unable to reduce risk of exposure due to factors beyond their control, such as contaminated community environments or lack of water.
Limitations of the study
Data that were not obtained from the Child Health card were self-reported by the mother e.g. history of breastfeeding and diarrhoea. We acknowledge the limitation of using the variable "breastfeeding" that was classified as "ever" or "never". A better classification would have been "current", "past", or "never". Unfortunately we did not determine this classification from the available data. Data on anthropometric measurements was not considered in the analysis and our results may be biased to the extent nutritional status was related to diarrhoea in our study population. Other limitations of the study include lack of data on the severity or duration of the outcome. Further, prevalence cases of diarrhoea and not incidence cases were considered in the study, and thus children with fatal illness or some mild cases probably were not included in the survey. Hence, our findings may be biased to the extent severe or mild cases may have differed from those who participated in the survey. To the extent that mothers failed to report accurately, either intentionally or unintentionally, our findings may have been biased. However, we are unable to determine magnitudes or directions of these biases. Although we cannot assign causation on observed associations, the factors identified in this study (age, sex, wealth index) would not have been altered by the diarrheal episode.
However, to propose causation and not just association may require further information and assessments.
Conclusion
In a study of under-five children in north Sudan in 2000, we found that diarrhoea was associated with child's age, gender, and social status. Our findings provide a useful baseline for interventions and comparisons with future studies.
